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In recent years, the USDA-NRCS has widely promoted the use of cover crops in cropping systems to improve soil health throughout the USA. There are indisputable reasons for implementing cover crops, such as providing protection from wind and water erosion and building soil organic matter levels. But in semi-arid regions (10 to 20 inches of annual precipitation), which are chronically short of water for stable dryland crop production, there may be significant costs associated with cover crop water use and reductions in subsequent cash crop yields that will make successful implementation of cover crops difficult to achieve.
Previous studies documenting the effects of cover crops on subsequent crop yields from many different regions have shown both positive and negative effects on yield. In the studies that have been done in the semiarid environments of the Central and Southern Great Plains (Colorado, Kansas, Oklahoma, and Texas) most have shown that growing cover crops reduced subsequent crop yields. Unger et al. (2006) cautioned that cover crop use in semi-arid dryland regions could be detrimental to yields of subsequent crops because of the water that the cover crop used that was not replenished by precipitation between the time of cover crop termination and planting the next crop. But even in some studies conducted in more humid conditions, negative effects on yield have been reported although the yield Cover crops can affect subsequent wheat yield doi:10.2134/cs2016-49-3-15 reduction was attributed to effects other than cover crop water use (however, soil water was not always measured). In those cases, yield depressions were sometimes associated with emergence and stand establishment problems or nitrogen unavailability. In results from the U.S. Northern Great Plains states and Canadian Prairie provinces, yields were not as frequently reduced by a prior cover crop, and this is likely a result of the lower demand for water seen at those locations.
Some recent statements by NRCS personnel and others have suggested that cover crops grown in mixtures use far less water than single-species plantings due to enhanced microbiological activity (soil fungal and bacterial associations) that improves drought tolerance through access to greater soil volume. Consequently, detrimental effects on subsequent crop yields would be minimal following a cover crop. However, recently published work from northeast Colorado reported that cover crop mixtures do not use less water than single-species plantings of cover crops (Nielsen et al., 2015) , and microbiological populations for cover crop mixtures were not different from those observed with single-species plantings of cover crops (Calderón et al., 2016) .
A recent study published in the January-February 2016 issue of Agronomy Journal (http://bit.ly/1RI1iXO) documented water use, grain yield, and water use efficiency of wheat following a 10-species cover crop mixture and single-species plantings (planted no-till into proso millet residue) compared with winter wheat following a no-till fallow period. The study was conducted under varying water availability conditions in western Nebraska and northeastern Colorado. Water availability ranged from dryland conditions with below-average precipitation to irrigated management that simulated south-central Nebraska average precipitation. The 10-species mixture was comprised of rapeseed, flax, oat, pea, lentil, common vetch, berseem clover, barley, phacelia, and safflower. The single-species cover crop plantings were flax, oat, pea, and rapeseed.
Of the eight individual data sets acquired during the study, the four collected in 2013 (dry year) showed significant reductions in wheat yield where the cover crop had been grown ahead of the wheat compared with wheat on fallow (average yield of 60.2 bu/ac on fallow vs. 50.3 bu/ac following cover crop, Table 1 ). The other four data sets came from 2014 with generally greater May and June precipitation and greater available soil water at planting than in 2013. The average yields observed in these four wetter-condition data sets were 68.1 bu/ac for wheat on fallow and 65.1 bu/ac for wheat following cover crop (difference not statistically significant). An additional reason found for no yield difference following fallow vs. following a cover crop in these four data sets (2014) was that the proso millet residue on the fallow treatment was in very poor condition by the time the cover crop was terminated (about nine months after millet harvest) compared with the new cover crop residues. This resulted in very low precipitation storage efficiencies during the fallow period for the fallow treatment compared with the cover crop treatments with their greater residue covers.
These data demonstrate that under some conditions (greater water availability and poor condition of existing residue) cover crops may be grown without causing significant reductions to the next wheat crop. However, even though in some years there may be no (or only minor) wheat yield depressions following cover crops, in those years, there will be lowered economic returns due to the costs associated with cover crop seed and planting and termination operations that a farmer must consider and account for. These may be offset if the cover crop can provide some economic benefit through forage harvest or grazing, as seems to fit the current definition of cover cropping. The study also found that wheat following cover crops grown in a 10-species mixture did not yield significantly more than wheat that followed single-species plantings of cover crops (Table 2) . Wheat water use efficiency (yield divided by water use) was generally greater for wheat following fallow than for wheat following a cover crop in the dry year, but not in the wet year. There were no differences in wheat water use or water use efficiency between wheat following a cover crop mixture and wheat following single-species cover crops in either the wet or the dry year.
Digital Extra
An additional analysis of water use efficiency was done by regressing wheat yield against growing season water use and comparing the slopes of the regressions ( Fig. 1 and Table 3 ). The water use-yield relationship found using all of the data collected in the study was found to be Yield (bu/ac) = 4.68 3 [water use (inches) -6.02] This relationship was nearly identical to a previously published relationship. There were no statistically significant differences in the slopes of the regressions found for wheat following specific single-species plantings of cover crops or the cover crop mixture.
Since wheat water use efficiency appears to not be improved following a cover crop mixture when compared with following single-species cover crops, there appears to be no reason to recommend a cover crop mixture over a single-species cover crop. Additionally, the large amount [continued on p. 54] of previous research detailing the generally detrimental effects on yield due to previous crop water use in dryland semi-arid environments in the Central and Southern Great Plains should be used to guide decisions about cover crop use in these regions. If cover crops are needed to augment existing crop residues to provide erosion protection or for supplemental livestock feed, the added expense generally seen for cover crop mixtures compared with singlespecies plantings (Nielsen et al., 2015) is not likely to be justified. If the cover crops are being grown primarily to provide soil surface protection against erosion, the recommendation of Unger and Vigil (1998) should be followed in semi-arid production regions: cover crops should be terminated as early as possible after acquiring sufficient biomass and ground cover to provide erosion protection, thereby minimizing detrimental effects on subsequent crop yields due to cover crop water use.
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